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Fig. 1 Experimental setup. To train the method we extract fovea-sized regions around fixation and non-
fixation locations for all images from the training set. Then to obtain the local edge distribution, we construct
a histogram of color gradient magnitude responses by considering a Gaussian windowing function with se-
lected σ, located at the fixation/non-fixation regions. We model these histograms of color gradient magnitude
responses with the Weibull distribution. The two parameters of the Weibull distribution β and γ are deter-
mined by maximum likelihood estimation, resulting in distribution of values of these parameters on fixations
[βfix, γfix] and non-fixations [βnonFix, γnonFix]. Finally, we build a log-likelihood ratio classifier based
on the joint distribution of theWeibull parameters on fixation regions versus non-fixation regions. To construct
a saliency map for a new image, we estimate the local edge distribution in the same way for the fovea-sized
regions extracted on a dense regular grid within the image. Then we apply trained log-likelihood ratio to
determine the conditional probability of fixation given two Weibull parameters. We smooth the result with
σ = 1◦ to average the prediction over fovea-sized regions.
3.1 Color contrast














We follow [10] and convert RGB values to an opponent color basic to decorrelate color
channels,
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images at local and global scale [11]. The probability density function (pdf) of the Weibull













where x > 0 is the value of the gradient magnitude, γ > 0 is the shape parameter and
β > 0 is the scale parameter of the distribution. These two parameters catch the structure of
the image texture [11]. The scale β represents the width of the distribution and reflects the
(local) contrast. The shape γ represents the slope of the distribution and is sensitive to the
(local) edge frequency [11]. We determine the Weibull parameters by maximum likelihood
estimation (MLE) [16]. In our experiments, we consider the joint distribution of the two
Weibull parameters. It allows to combine edge frequency and contrast information together,
taking into account the correlation between these two image features. Figure 2 shows the
fitted Weibull pdf for a few examples.
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Fig. 2 Examples of the Weibull distribution: the upper row shows images with overall similar contrast vari-
ation (β = 4.11 and 4.12, respectively), but moderate and high edge frequency (γ = 0.95 and 1.59,
respectively). The bottom row shows images with higher and lower contrast (β = 2.01 and 1.58, respec-
tively), while exhibiting overall moderate edge frequency (γ = 0.701 and 0.702, respectively). Note that
here we consider global image histograms for illustration purposes.
3.4 Log-likelihood ratio
We use the log-likelihood ratio [23] to determine the conditional probability of fixation
given the local edge statistics. To learn salient/non-salient local edge statistics, the Weibull
function Eq. (4) is fitted to each local histogram of color gradient magnitude over fixated
and non-fixated regions. The log-likelihood ratio is trained on the joint distribution of the
Weibull parameters over fixation versus non-fixation regions.
To calculate the saliency map for an input image, we need to estimate Weibull parame-
ters for each fovea-sized local region of the image. Then we apply the trained log-likelihood
ratio to determine the conditional probability of fixation given these parameters.
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We consider two eye-tracking databases. The first is the standard eye-fixation data set col-
lected by Bruce and Tsotsos [3]. It contains 120 natural color images with eye-fixations
collected from 20 subjects. All images depict indoor and outdoor urban scenes.
In addition, we recorded eye-tracking data for an artistic professional photos from Na-
tional Geographic wallpapers 1. Eye-fixations of 17 subjects were collected in a free viewing
setting. All participants were naive to the purpose of the study and had normal or corrected
to normal vision. Subjects viewed 49 images of size 800x540 pixels. These were selected
from three categories of National Geographic wallpapers: animals, landscapes, and people.
Typical pictures are shown in Figure 3.
Eye movements were recorded using an eye-tracker (EyeLink II, SR Research Ltd.),
sampling pupil position at 1000 Hz. Subjects were seated in a darkened room at 85 cm from
a computer monitor and used a chin-rest so that head position was stable. To calibrate eye
position and to validate the calibration, subjects made saccades to the 12 fixation spots on
the screen, which appeared one by one in random order. During the experiment, images
were presented on a 17 inch screen (FlexScan L568) for 5 seconds. After each stimulus pre-
sentation, a fixation spot appeared in a random point of the screen in order to distribute first
fixations uniformly over the experiment. These fixations were excluded from the analysis.
Fixation locations and durations were calculated online by the eye tracker. The MATLAB
psychophysics toolbox was used for stimulus presentation [2].
Fig. 3 Example of images from considered data sets. The first row illustrates Bruce&Tsotsos data set, the
second row contains images from National Geographic data set.
3.6 Inter-subject variability
In our method we use subject fixations to train the classifier and to evaluate the results. As
there is a high inter-subject variability in eye movements, fixation locations are depending
1 http://www.nationalgeographic.com/
 @>LI<  O8DGC< F= @D8><J =IFD :FEJ@;<I<; ;8K8 J<KJ .?< IJK IFN @CCLJKI8K<J
IL:<.JFKJFJ ;8K8 J<K	 K?< J<:FE; IFN :FEK8@EJ @D8><J =IFD (8K@FE8C !<F>I8G?@: ;8K8 J<K
A<:KJ "<E:<	 @K @J @DGFIK8EK KF :FEJ@;<I 8 JLğ:@<EK 8DFLEK F= JL9A<:KJ @E FI;<I KF C<8IE K?< :FEJ@JK<EK
G8KK<IEJ @E <P<
O8K@FE ;8K8 J N< J?FN 9<CFN @E  @>LI<J  8 8E; 9	 JL9A<:KJ ?8M< C<JJ :FEJ@JK

<EK <P<
J:8EE@E> 9<?8M@FLI FE (8K@FE8C !<F>I8G?@: ;8K8 J<K @E :FDG8I@JFE N@K? IL:<.JFKJFJ ;8K8
J<K .?<I<=FI<	 KF <JK@D8K< @EK<I
JL9A<:K M8I@89@C@KP N< LJ< K?< (8K@FE8C !<F>I8G?@: <P<
KI8:B@E> ;8K8
J<K .F <M8CL8K< 8E 8;<HL8K< ELD9<I F= JL9A<:KJ	 N< 8JJ<JJ K?< M8I@8K@FE @E O8K@FE CF:8K@FEJ =FI 8E
@E:I<8J@E> ELD9<I F= I8E;FDCP ;I8NE JL9A<:KJ *8IK@:LC8ICP	 =FI <8:? @D8><	 N< :FEJKIL:K 8 J<HL<E:<
F= O8K@FE D8GJ 9P :FEMFCM@E> JL9A<:K O8K@FEJ N@K? 8 KNF
;@D<EJ@FE8C !8LJJ@8E B<IE<C σ = 1/3◦
E <O8DGC< F= O8K@FE D8GJ F= K?< J8D< @D8>< LJ@E> 8E @E:I<8J@E> ELD9<I F= JL9A<:KJ @J >@M<E @E K?<
KFG IFN F=  @>LI<  J :8E 9< F9J<IM<; =IFD K?< <O8DGC<	 K?< O8K@FE D8G 9<:FD<J JK89C< N?<E
98J<; FE DFI< JL9A<:KJ .?< HL8EK@K8K@M< <M8CL8K@FE @J JLDD8I@Q<; @E K?< 9FKKFD F=  @>LI<  .?<
>I8G? ;<G@:KJ K?I<< ;@JK8E:< D<8JLI<J 9<KN<<E O8K@FE D8GJ ?@JKF>I8D @EK<IJ<:K@FE	 8I<8 LE;<I K?<
,) :LIM< / 8E; FE< D@ELJ K?< JPDD<KI@:8C %LCC98:B
&<@9C<I ;@M<I><E:< -D8CC<I M8CL<J FE K?<
>I8G? @E;@:8K< 8 9@>><I ;@ē<I<E:< 9<KN<<E O8K@FE D8GJ @ē<I<EK@8C @DGIFM<D<EKJ 8I< J?FNE =FI 8CC
D<8JLI<J	 K?8K @J	 ;@JK8E:< ;<:I<8J<J 8J 8 =LE:K@FE F= JL9A<:K ELD9<I !@M<E K?<J< I<JLCKJ	 @K @J ?8I;CP
GFJJ@9C< KF ;@JK@E>L@J? 9<KN<<E O8K@FE D8GJ 98J<; FE DFI< K?8E E@E< JL9A<:KJ "<E:<	 E@E< JL9A<:KJ
8I< <EFL>? KF :FEJKIL:K 8 JK89C< >IFLE; KILK? I<>8I;C<JJ K?< KPG< F= :FEJ@;<I<; ;@JK8E:<D<8JLI< !@M<E








 "O JNBHF TUBUJTUJDT CBTFE NPEFM GPS ţYBUJPO QSFEJDUJPO
8
on the considered subjects. Hence, it is important to consider a sufficient amount of subjects
in order to learn the consistent patterns in eye-fixation data. As we show below in Figures 5
(a) and (b), subjects have less consistent eye-scanning behaviour on National Geographic
data set in comparison with Bruce&Tsotsos data set. Therefore, to estimate inter-subject
variability we use National Geographic eye-tracing data set. To evaluate an adequate num-
ber of subjects, we assess the variation in fixation locations for an increasing number of
randomly drawn subjects. Particularly, for each image, we construct a sequence of fixation
maps by convolving subject fixations with a two-dimensional Gaussian kernel (σ = 1/3◦).
An example of fixation maps of the same image using an increasing number of subjects is
given in the top row of Figure 4. As can be observed from the example, the fixation map
becomes stable when based on more subjects. The quantitative evaluation is summarized in
the bottom of Figure 4. The graph depicts three distance measures between fixation maps:
histogram intersection, area under the ROC curve (AUC) and (one minus) the symmetrical
Kullback-Leibler divergence. Smaller values on the graph indicate a bigger difference be-
tween fixation maps. Differential improvements are shown for all measures, that is, distance
decreases as a function of subject number. Given these results, it is hardly possible to dis-
tinguish between fixation maps based on more than nine subjects. Hence, nine subjects are
enough to construct a stable ground truth regardless the type of considered distance mea-
sure. Given the similar behaviour of the considered distance measures, further in the paper
we will report only well-established AUC [3,27,31].


















































































Fig. 4 The top row contains a sequence of fixation maps based on 1, 2, 5, 9 and 17 subjects. At the bottom
the stability of human fixation maps as function of the number of subjects is shown. Results are averaged
over 49 images from National Geographic data set, and 30 random draws of subjects from a pool of 17.
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Table 1 Comparison of the Weibull model. The mean value and standard deviation of the areas under the
curve (AUC) for the all considered saliency methods.
Method AUC (SD) for AUC (SD) for
Bruce&Tsotsos data National Geographic data
Itti et al. 0.6951 (0.1048) 0.6649 (0.0893)
Bruce&Tsotsos 0.7636 (0.0831) 0.7115 (0.0784)
Weibull 0.7639 (0.0866) 0.7150 (0.0848)
Inter-subject 0.8722 (0.0426) 0.7931 (0.0530)




























(a) Bruce&Tsotsos data set




























(b) National Geographic data set
Fig. 5 ROC performance per data set.
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(a) Bruce&Tsotsos data set
























Wbl trained on B&T data set
Wbl trained on NG data set
(b) National Geographic data set
Fig. 6 ROC performance for cross data set analysis. The left graph shows ROC performance of the pro-
posed Weibull method for the Bruce&Tsotsos data set when the proposed method is trained on the Na-
tional Geographic data set, compared to when it is trained on the Bruce&Tsotsos data set itself. The mean
value and the standard deviation of AUCs are 0.7629 (0.0844) and 0.7639 (0.0866), respectively. The right
graph shows ROC performance for the National Geographic data set when proposed method is trained on the
Bruce&Tsotsos data set, compared to when it is trained on the National Geographic data set itself. The mean
value and the standard deviation of AUCs are 0.6911 (0.0882) and 0.7150 (0.0848), respectively.
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